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域降水分布趋势的前提下，综合使用 EOF 分析、功率谱分析、EMD 分析等多种
方法，借助 TRMM 遥感数据高空间覆盖度的优势，探讨台湾海峡及其邻近区域，
尤其是台湾海峡西岸主要流域的降水、强降水的时空变化特征。 
首先，基于 1998-2012 年 TRMM 3B43 月降水数据的台湾海峡及其邻近区域
降水分布基本特征的研究结果显示：每年的 4-9 月为台湾海峡及其邻近区域的丰
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The research on watershed precipitation has great significance not only for 
nutrients and pollutants transport in river basin but also for the study on estuary 
ecological effects. In this thesis, we retrieved data from TRMM (Tropical Rain 
Measuring Mission) rain rate available in daily and monthly temporal and 25 
km spatial resolutions. The rainfall data from Xiamen meteorological station 
was used to validate the TRMM satellite rain rate and found significant 
correlation between them. This paper is focused on spatial and temporal 
variability of precipitation over the main river basins in the west coast of 
Taiwan Strait over the 15-year period from 1998 to 2012. 
In the first part, we research on the basic features of regional precipitation 
distribution in Taiwan Strait and its adjacent area. The climatological monthly 
analysis showed that April to September is rainy season. The maximum rainfall 
occurs in June, followed by August. The average monthly precipitation in parts 
of TWS and its adjacent area could exceed 300 mm. It was supposed that the 
precipitation mainly come from the frontal precipitation in spring and typhoon 
rainfall in summer. The result also indicated that spatial difference in 
precipitation is in connection with the influence of topography to a great degree. 
Furthermore, at inter-annual time scale, it was found that the highest rainfall 
appeared in 1998, 2006 and 2010, the minimum in 2003. This might be 
attributed to the difference in rainfall intensity brought by typhoons and the El 
Nino effect. 
Then, this paper uses some statistical methods such as EOF analysis, 
power spectrum analysis to study on the spatial and temporal distribution of 















analysis results show that: the first mode reflects the overall consistent pattern 
in spatial distribution of precipitation in the three basins, which is influenced 
by East Asian monsoon; the second mode presents southeast-northwest 
inverting type, or South-North Inverting type, which reflects the difference of 
precipitation mechanism between the rainy seasons (5-6) and the summer 
seasons (7-9) in different river basins. Seasonal variation is the remarkable 
characteristic in annual and inter-annual variability of precipitation, with 11-13 
month and 2-3 month periods. The spatial distribution is significantly different 
in every season. Precipitation in spring seasons (3-4) and rainy seasons (5-6) 
are concentrated in the northwestern of the three basins because of the frontal 
precipitation and orographic precipitation; The precipitation center transfers 
from the northwest inland to the southeast coast influenced by the South China 
Sea summer monsoon and tropical cyclones in summer. The Inter-annual 
variability of precipitation during the rainy season showed obvious fluctuation, 
and the summer precipitation is showing a steady decreasing trend. The 
strength of the South China Sea summer monsoon will affect the amount of 
summer precipitation over the main river basins in the west coast of Taiwan 
Strait to a certain extent. El Nino mainly affects the precipitation and its spatial 
distribution of dry season. 
At last, we analysis the extreme heavy precipitation events over the main 
basins in the west coast of Taiwan Strait based on the TRMM 3B42 from 1998 
to 2012. As for the spatial distribution, we got that the mountainous and coastal 
regions is the area that heavy precipitation occurs frequently. In annual 
variation aspect, the heavy rainfall concentrates in rainy season both in Min 
River basin and Han River basin. But the annual variation of heavy 
precipitation in Jiulong River basin has characteristic with ‘double-peak’. As to 
the interannual variation, the heavy rainfall appears a periodic fluctuation in 















the heavy precipitation days increase from 1998 to 2012 both in Min River 
basin and Jiulong River basin, while decrease in Han River basin. There are 
three change cycles of heavy precipitation days in all basins; they are 2-3 years, 
5 years and 9-10 years. 
Keywords: TRMM precipitation; Taiwan Strait; Min River basin; Jiulong 













第 1 章 引言 
1 
第 1 章 引言 
1.1 研究背景 
降水是地球气候系统的关键部分，通过潜热释放对大气环流系统产生影响





现为空间和时间上的重新分配：从 1900 至 2005 年，在北美和南美的东部地区、
北欧和亚洲北部及中亚地区降水显著增加，但在萨赫勒、地中海、非洲南部地区
和南亚部分地区降水减少。与此同时，流域降水量分配特点和影响机制，也随之






测手段、研究方法逐渐被广泛地应用于水资源环境领域（Berg et al., 2006; Dai et 

































Jiang 等（2007）采用 M-K 检验和线性回归分析考察了 1961-2000 长江流域
降水和径流的时空变化趋势：长江流域夏季降水呈上升趋势，暴雨频率的增加是
流域夏季降水增加的主要贡献因素，和降水、强降水事件相关的长江中下游洪水
流量也表现出相应的显著上升趋势。Zhang 等（2008）同样采用 M-K 突变趋势
检验，探讨了 1960-2005 年长江流域降水峰值的时空变化特征，发现 20 世纪 70
年代中期以后降水峰值波动增加，表现出显著的增加或减少趋势。 
此外，苏布达等学者也对全球变暖背景下长江流域降水的时空分布特征进行











































2003 年江淮流域降水尤其充沛。章国材（2004）利用 NCEP 再分析资料对
2003 年淮河强降水的大尺度环流特征及其成因分析后认为：中高纬度两槽一脊
的稳定维持，副高脊线持续稳定在 22-25°N 之间，淮河流域恰好位于高空急流的



























1.1.2 TRMM 遥感资料的应用与评估 
由日本国家空间发展署（NASPA）和美国国家航空航天局（NASA）地球科
学办公室共同主持的 TRMM 热带降水计划，自 1997 年 11 月 28 日 TRMM 卫星
发射成功以来，为海洋和气象工作者提供了大量热带海洋降水、云中液态水的含
量、潜热释放等数据。 
Hirose M 和 Nakamura K（2005）采用 1998-2003 年间的星载雷达降水数据，
研究了亚洲降水日变化的空间变异性：小尺度降水系统主要发生在下午，青藏高
原为小尺度降水系统高发区；较大尺度降水系统则主要出现在晚上，降水区以平
坦的陆地为主。Berg 等（2006）将 PR-TMI 在降水监测中的差异与物理变量相结
合，对影响卫星降水偏差的物理机制给予了探讨，结果显示 PR-TMI 在中纬度风
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